and, among other investigations, all were submitted to arteriography. This is only one of several methods available for the study of peripheral vascular disease. The case history and a careful clinical examination enable the diagnosis to be established with a reasonable degree of accuracy and special methods of examination are usually confirmatory only.
TECHNIQUE OF ARTERIOGRAPHY
The technique of arteriography follows familiar lines. After injection of 20 c.c. of diodone, serial radiographs are taken of the whole length of the lower limb, from the bifurcation of the common femoral artery to the foot.
In the earlier cases, five radiographs were made in both antero-posterior and lateral projections, which involved two injections of diodone. By making exposures in the antero-posterior and lateral projections altemately, it has been found possible to obtain two projections at right angles of the arterial tree from hip to foot, with one injection only. Two mobile X-ray units are used, one for the anterior and one for the lateral projection.
The femoral artery is exposed under general anmsthesia and temporary hbemostasis established by underslinging the artery with a thin rubber band. By releasing this after the third exposure, the opaque medium is swept distally as a bolus and good films of the distal vascular channels are usually obtained. Ins our hands, the percutaneous method has been unsatisfactory, although it is widely used elsewhere, and the published radiographs appear to be satisfactory. The time between the first and last exposures is usually between thirty and thirty-five seconds, which allows the necessary changes of casette to be made without undue haste.
CLINICAL ASPECTS
In order to appreciate the problem of occlusive vascular disease it is necessary to consider some of its clinical aspects.
The most frequent symptom is intermittent claudication and it was present in no less than 128 cases of the 142. Lewis and his co-workers (1929) showed that the characteristic pain of intermittent claudication is due to the production of metabolites which contain a pain-producing factor. Only where the blood supply is inadequate do these metabolites accumulate and so cause pain.
In thrombo-angeitis, cramp-like pains may occur in the feet due to thrombosis of the lower parts of the tibial arteries. These may be mistaken for foot strain, and occasionally the true nature of the disease is only revealed by the onset of gangrene in the toes.
The more objective manifestations of peripheral vascular lesions include colour changes in the skin which may be permanent or temporary. The measurement of the effects of temperature, posture and exercise upon these helps to assess the degree of vascular insufficiency, as does also palpation of the peripheral arteries.
The majority of the cases have been subjected to lumbar sympathectomy, with considerable improvement in the nutrition of the skin and toes, and in the exercise tolerance. Some, however, still complain of pain on walking and their activities are severely restricted.
An increase of walking distance from 50 to 100 yards cannot be regarded as a particularly gratifying result of operation, but a few say that they can walk two or three miles, provided they go slowly. Since many are in the sixth or seventh decade, such distances can be considered satisfactory. Of 128 cases with intermittent claudication, 81 still complain of pain after treatment, and 20 have been completely relieved. In 27 others, the result is unknown, since, for various reasons, no follow-up has been possible.
Sympathectomy will usually relieve the night cramps of arterial disease, and these may be so severe that the patient often demands relief at all costs, and even regards amputation as a price not too high to pay. A vivid description of the miserable condition to which victims of night cramps may be reduced is given by Allen, Barker and Hines (1946) .
CLASSIFICATION OF PERIPHERAL ARTERIAL DISEASE
In a large series of cases with circulatory deficiency, Boyd et al. (1949) reviewed the clinical and arteriographic findings, and classified them into three groups.
(1) Primary thrombosis of the popliteal artery.
(2) Juvenile obliterative arteritis.
(3) Senile obliterative arteritis. Of these, the first two are usually grouped together as thrombo-angeitis obliterans, but the authors produce evidence to show that in nearly all their cases under the age of 35, the cause of thrombosis is traumatic. In these cases the popliteal is the only artery involved and the symptoms resolve leaving no residual signs. The other parts of the vascular tree are free from disease. No case in the present series fulfils these criteria, but there were only a few under the age of 35.
The distinction between the juvenile and senile types of obliterative arteritis is not always easy. Generally speaking, symptoms occurring in those over the age of 50 are ascribed to arteriosclerosis, and in those under 35 to thrombo-angeitis.
In the juvenile type, thrombosis begins in the small arteries of the feet and extends proximally. The disease is always bilateral and its rate of progress varies from case to case; amputation may be necessary three to five years after onset. In the senile type, there is diffuse narrowing of the lumen of the arteries and there is often thrombosis too. This is found in the larger vessels and spreads proximally and distally.
The precipitating cause of thrombosis is unknown but trauma may play a part. To determine the exact site of origin is impossible, but in the present study the indications are that it begins at the level of the opening in adductor magnus, where the liability to trauma is greatest. This agrees with the findings of Lindbom (1950) .
Such simple methods of differentiation as those described above do not always suffice, for arteriosclerosis is sometimes seen in young adults and the first symptoms of thrombo-angeitis may occur much later than at 35. Superficial venous thrombosis is an important sign of thrombo-angeitis, but careful search may be needed if evidence of this is not to be missed. The malign influence of tobacco in thrombo-angeitis and of diabetes as an accelerating factor in arteriosclerosis are too well known to need emphasis, and help to distinguish one group from the other. Nevertheless not every case can be assigned to one group or the other.
NORMAL ARTERIOGRAM
The normal arteriogram is characterized by the smooth outline of the main channels. The profunda fetnoris branch tapers fairly rapidly and gives off its perforating branches, which carry the main blood supply to the muscles. The vessels pursue a direct course from hip to foot.
There is a minimum of collateral branches and this helps to distinguish between the normal and the early changes of arterial disease, for the opening of collateral branches may be the only indication of early pathological changes. The arterial lumen diminishes gradually, to form a rich network of vascular loops in the foot. The blood flow is so rapid that the popliteal vein may be seen to be filled in those radiographs which also show opacification of the artery.
Variations of the normal occur. Spasm of the arterial wall due to irritation of the intima may cause a smooth narrowing of the lumen over a few centimetres. It can be likened to a length of glass tubing, the centre of which has been softened and drawn out to a capillary. The effect is temporary and restoration of the normal calibre is usually seen on the next radiograph. Another bizarre appearance is the thin thread-like effect, due either to gravity or a surface tension phenomenon (Plate I, Fig. 1) .
Variations in diameter from one individual to another are common and are without pathological significance.
In studying the abnormal arteriogram, attention should be directed to the following points, which are a slight modification of the scheme suggested by Allen and Camp (1938) :
(1) Alterations in contour.
(2) Thrombosis and diminution in calibre.
(3) The number and size of the collateral channels.
(4) The presence or absence of venous filling. Alterations in contour are extremely variable. At one end of the scale, a small irregularity appearing in the otherwise smooth contour of an artery together with a few collateral branches, may provide the only radiological evidence of thrombo-angeitis, even when the clinical diagnosis is firmly established. The irregularity is due to a mural thrombus, but study of the arteriogram will not help in deciding whether it is newly-formed or resolving. At the other end of the scale is found the grossly irregular contour of advanced arteriosclerosis, which may affect the whole length of the arterial tree, and give it an outline not unlike a string of pearls.
In the larger arteries, thrombosis is easily recognized, and it may involve a considerable length of an artery. Its upper and lower limits are usually abrupt and marked by a fairly large collateral branch giving a kinked appearance to the artery. Below the knee, it may be difficult or even impossible to decide whether an artery is thrombosed or not. Filling may be inadequate on two successive radiographs, or the normal channel lost in a welter of collateral branches of much the same calibre. In no case in the series has it been possible to demonstrate occlusion of the dorsalis pedis or plantar arteries, thereby limiting the value of the procedure in cases of thromboangeitis.
Mural thrombi can give a bizarre outline to the artery. Half the lumen may be occluded for several centimetres of its length or recanalization of a thrombus may show several irregular channels running through the occluded portion and dividing the blood stream, like islands in the middle of a river (Plate I , Fig. 2) .
The collateral branches are the most characteristic feature of the arteriogram in arterial disease. They vary in appearance, size and number. A large branch may arise from the profunda to bridge a thrombosed segment of the superficial femoral artery, and the small irregular branches are consequently few. On the other hand, there may be a very large number of small vessels. They cross and anastomose in a confusing but characteristic manner and terminate by rejoining the parent artery below the occluding thrombus, having pursued their apparently purposeless course.
Exceptionally, collateral branches appear to be more purposeful, as demonstrated by a case showing a leash of vessels formed in response to a local arteriectomy (Plate I, Fig. 3 ).
Demonstration of venous channels is unusual in established arterial disease. Jones and Steiner (1949) reported it only once in 37 abnormal arteriograms.
Good arteriograms will show:
(1) The position and extent of the thrombosis.
(2) The number and size of the collateral channels.
(3) Whether there is a large number of filled vascular loops in the foot. In attempting to correlate the arteriographic and clinical findings, the position and extent of the thrombosis have been recorded in each case. The collateral circulation, and filling of the vessels in the lower leg and foot, have been assessed as poor or good. This is a matter of individual judgment and liable to considerable error, but has been adopted for simplicity.
Clinical evidence indicates that the chances of establishing an adequate blood supply to the foot are much greater when the thrombosis occurs above the knee than when the tibial arteries are affected. This is supported by the arteriograms, for, out of 26 limbs showing tibial thrombosis, the vessels to the lower part of the leg and foot appeared well filled in only 4. Chance, however, plays a part, for it is impossible to know beforehand, the exact moment at which the exposure should be made to demonstrate optimal filling.
Although it might be thought that the length of the thrombosed portion of the artery should bear a direct relationship to the degree of filling of the vessels beyond, this is by no means always the case, and the arteriogram may be misleading. Clinical assessment gives a more accurate indication of the condition than does the arteriogram.
The collateral channels which open in arterial disease are variable. Since they appear as a result of a demand for an increased blood supply, it is tempting to assume that their size and number will indicate their ability to supply this need. lUnfortunately, this is not the case, for as the number and size of the hoses used in dealing with an outbreak of fire give no indication of the pressure and volume of water delivered, so the number and size of the collateral branches are no criterion of the blood supply (Table I and 
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Total 150 The degree of distal filling of the Arterial Tree varies directly with the number and size of the collateral channels in about 65 % of cases only.
Only when a radiograph of the region of the knee and upper leg shows well-filled venous channels (in the absence, of course, of any arteriovenous anastomosis) can it be assumed that the circulation to the lower leg and foot is adequate.
When amputation for gangrene has to be considered, arteriography can do little or nothing to help determine whether it should be done below or above the knee or whether it is necessary at all. The decision has to be made on clinical grounds and it is doubtful whether other special investigations, such as measurement of skin temperatures or estimation of circulation times, help much either.
In one or two cases in the series, a second arteriogram has been done some months after sympathectomy. Thereby it was hoped to find out whether operation had resulted in any demonstrable increase in the number of functioning vascular channels. The results have been disappointing. In one case a little increased "clouding" in the muscles of the sympathectomized leg was encouraging, but the demonstration of similar changes in the opposite leg proved the appearances to be without significance. Repeated examinations are probably not worth while, for the persistence of intermittent claudication after operation would itself suggest that sympathectomy does not materially increase the blood supply to the muscles. This in no way detracts from its value in relieving.night-cramps, and in postponing or arresting gangrene of the toes or skin.
It was thought that arteriography might help in the classification of those cases which, from clinical examination alone, cannot be placed in either the juvenile or senile group of obliterative arteritis. Unfortunately, this hope has not been realized-cases which show equivocal clinical signs also give unreliable radiological appearances.
It becomes apparent, therefore, that arteriography has little to offer in the study of peripheral arterialI disease. Whilst it will give fairly accurate indications of the site and extent of the lesion, it contributes little or nothing to the assessment of function, progress or prognosis. Indeed, it may be questioned whether the information it can give is commensurate with the time and trouble involved in the procedure.
To end in so gloomy a strain would be a grave disservice to the contribution which radiology has made to Medicine. There are fields where radiology of the peripheral vascular system may yet play a part. The influence of modern therapeutic measures on the blood supply of the arthritic joint, and the study of the vascular pattem in and around bone tumours, may prove profitable pursuits for the diligent and enquiring mind.
In conclusion, I wish to thank Professor E. J. Wayne and Mr. Clifford Jones for allowing me free access to their clinical material, and for their help and criticism.
